Bladder-related events, including neurogenic detrusor overactivity, are the leading cause of autonomic dysreflexia in spinal cord injured individuals. Self-reported autonomic dysreflexia is reduced following onabotulinumtoxinA treatment for neurogenic detrusor overactivity; however, none of these trials have assessed autonomic dysreflexia events using the clinical cutoff of an increase in systolic blood pressure ‡20 mm Hg. This study used a prospective, open-labelled design from 2013 to 2014 to quantitatively assess the efficacy of one cycle 200 U intradetrusor-injected onabotulinumtoxinA (20 sites) on reducing the severity and frequency of bladder-related autonomic dysreflexia events and improving quality of life. Twelve men and five women with chronic, traumatic spinal cord injuries at or above the sixth thoracic level, and concomitant autonomic dysreflexia and neurogenic detrusor overactivity, underwent blood pressure monitoring during urodynamics and over a 24 h period using ambulatory blood pressure monitoring pre-and 1 month post-treatment. Post-onabotulinumtoxinA, autonomic dysreflexia severity was reduced during urodynamics (systolic blood pressure increase: 42 -23 mm Hg vs. 20 -10 mm Hg, p < 0.001) and during bladder-related events across the 24 h period (systolic blood pressure increase: 49 -2 mm Hg vs. 26 -22 mm Hg, p = 0.004). Frequency of 24 h bladder-related autonomic dysreflexia events was also decreased post-onabotulinumtoxinA (4 -2 events vs. 1 -1 events, p < 0.001). Autonomic dysreflexia and incontinence quality of life indices were also improved post-onabotulinumtoxinA ( p < 0.05). Intradetrusor injections of onabotulinumtoxinA for the management of neurogenic detrusor overactivity in individuals with high level spinal cord injuries decreased the severity and frequency of bladder-related episodes of autonomic dysreflexia, and improved bladder function and quality of life.
Introduction
A utonomic dysreflexia (AD) is a medical emergency that occurs in up to 90% of individuals with a spinal cord injury (SCI) at or above the sixth thoracic (T6) spinal segment. It is clinically defined as an elevation in systolic blood pressure (SBP) ‡20 mm Hg from baseline in response to noxious or innocuous stimuli below injury level. 1 The urinary bladder is the cause of 85% of all AD episodes, because of bladder distension or involuntary detrusor contractions known as neurogenic detrusor overactivity (NDO).
2,3 NDO management following SCI typically involves routine urodynamic studies (UDS) 4 and the use of anticholinergic agents. 5 When anticholinergics are ineffective, onabotulinumtoxinA (Botox, Allergan, Inc.) has provided a safe and effective alternative treatment option. 6 Two human studies have documented reductions in self-reported AD symptoms following intradetrusor Botox injections 7, 8 whereas improved mean arterial blood pressure (BP) has been reported by one animal study. 9 In order to determine the efficacy of Botox in reducing the severity of bladder-related AD, a proper evaluation of SBP responses using the clinically established AD criterion is necessary. Therefore, the objective of this study was to quantitatively assess the efficacy of 200 U intradetrusor-injected Botox for NDO on reducing the frequency and severity of AD during bladder-related events including UDS, the gold-standard assessment of bladder function, and prior to each clean intermittent catheterization (CIC) during a 24 h period. The primary outcome 1 was the severity of AD during UDS. The secondary outcome of AD frequency and severity during a 24 h period was assessed using 24 h ambulatory BP monitoring (ABPM). Tertiary outcomes included AD and bladder-related quality of life (QoL), whereas quaternary outcomes included bladder function indices assessed during UDS. We hypothesized that our intervention would reduce the frequency and severity of AD during bladder-related events, and that these reductions would lead to an improvement in QoL.
Methods

Study participants
Inclusion criteria were as follows: males and females, 18-65 years of age, with chronic (>1 year post-injury), traumatic SCI at or above T6, confirmed AD during UDS, confirmed NDO, capable of CIC, and resistant to anticholinergic medications. Exclusion criteria included documented traumatic brain injury, previous use of Botox for the bladder, previous genitourinary disease or surgery, multiple injury levels, acute urinary tract infection (UTI) (cultureproven diagnosis), and history of cardiovascular disease. Baseline (pre) testing consisted of a UDS assessment to confirm the presence of AD, 24 h ABPM, and QoL questionnaires. Two weeks following baseline evaluations, participants received Botox injections. One month following injections (post), participants repeated the same measurements as the baseline test. Participants were asked to refrain from exercise, coffee, alcohol, and anticholinergic medications ‡12 h prior to testing. To minimize the effects of the bowel (i.e., impaction and defecation) on AD, 11, 12 the UDS and 24 h ABPM assessments were scheduled at least 2 days prior to each participant's scheduled bowel program.
Study design
UDS assessment
Prior to UDS, a urinary dipstick test confirmed the absence of infection. UDS occurred between 0800 and 1200 h in a temperaturecontrolled room (21°C) according to established standards. 13, 14 Cystometry was performed by a double-lumen catheter (6 Fr, Laborie, Canada) with continuous filling of sterile water (37°C) at a fixed rate of 30 mL/min. Abdominal pressure was measured with an intrarectal balloon catheter (10 Fr, Laborie, Canada). Pelvic floor electromyography (EMG) (Aquarius TT, Laborie Model 94-R03-BT, Montreal, Quebec, Canada) was recorded using surface EMG. Filling was stopped if any of the following conditions were observed: 1) reported sensation of fullness, 2) spontaneous urine leakage, 3) intravesical pressure ‡40 cm H 2 O, 4) infused volume reached 500 mL, or 5) sustained SBP ‡180 mm Hg or intolerable AD symptoms.
Heart rate (HR) and BP were recorded every minute on the right arm during UDS using an automated sphygmomanometer (DinamapV100; GE Medical Systems, Fairfield, CT), using a medium (23-33 cm) or large (31-40 cm) adult-sized cuff. Three supine measurements were taken at the beginning of UDS and averaged to determine baseline supine SBP. After this, hemodynamic measurements corresponding to each of the following time points were documented: 1) first urge to perform CIC, 2) at maximum volume infused, and 3) the overall maximum SBP reached during UDS. Signs and self-reported symptoms of AD were documented. The change in SBP (DSBP) and HR (DHR) from baseline at each time point was calculated. At the end of the assessment, a CIC was performed to void the bladder. If AD persisted, it was managed according to established guidelines 15, 16 including sitting the participant upright to induce orthostatic BP response, loosening any restrictive clothing, confirming the bladder had been fully voided, and checking for any other possible sources of stimuli. If these steps did not result in the normalization of BP, the administration of an antihypertensive agent was considered if SBP remained ‡150 mm Hg. In the present study, no participants required the use of an antihypertensive agent to manage their AD following the UDS assessment.
Twenty-four hour ABPM assessment
To document the incidence of AD during bladder-related events across a 24 h period, ABPM was used (Meditech Card [X] plore; Meditech Ltd., Budapest, Hungary). A medium (24-32 cm) or large (32-42 cm) adult-sized cuff was used. With participants seated in their own wheelchairs, three discrete seated BP and HR measurements were taken on the nondominant arm and averaged to determine the baseline seated SBP and HR values with which the 24 h ABPM values would be compared. Automatic recordings were taken every 15 min from 0700 to 2300 h (daytime period), and every hour from 2300 to 0700 h. Manual BP measurements were also documented in an activity log before and after each CIC and suspected AD episode. The number of bladder-related events (i.e., CIC) was documented, and the highest SBP prior to each CIC was subtracted from the baseline seated SBP to determine if AD was occurring (DSBP ‡20 mm Hg). The corresponding HR during these events was also subtracted from baseline HR to determine the change (DHR). The average daytime and nighttime BP values were also determined.
Questionnaires
The AD Health-Related Quality of Life Questionnaire (AD QoL) 12 and the Incontinence Quality of Life Questionnaire (I-QoL) 17 were administered to assess the impact of AD and NDO on perceptions of health.
Botox injections
Two weeks following UDS, one cycle of Botox was injected according to the established clinical protocol for NDO. 7 To avoid provocation of AD, a local anesthetic was utilized with instillation of 50 mL of 2% lidocaine into the bladder mucosa. In brief, 200 U of Botox diluted in 20 mL 0.9% saline solution was injected into 20 sites of the detrusor muscle (10 U/site), trigone sparing. Oral antibiotics were prescribed 5 days prior to treatment. Anticholinergic medications were progressively decreased 1 week post-treatment. Adverse events were documented 1 week (by phone call) and 1 month (in person) post-Botox.
Statistical analysis
Statistical analysis was performed using Statistical Package for the Social Sciences (Version 19.0; IBM Corporation, Armonk, NY). All data were assessed for normal distribution using ShapiroWilk tests, and analyzed by paired t test and Wilcoxon signed rank test for normal and non-normal distributions, respectively. All statistical analyses were considered significant at p < 0.05.
Results
Twenty-two individuals were enrolled into the study; however, only 17 completed the study to entirety. Two subjects decided 1652 FOUGERE ET AL.
against Botox, whereas three were lost at follow-up because of relocation. Participant characteristics are provided in Table 1 . There were no adverse events during the Botox injections. Post-Botox injections, the following adverse events were reported: culture-proven UTIs requiring antibiotic therapy in three participants (two cervical, one thoracic), and a headache of unidentified origin (not related to AD) lasting 1 week in two (cervical) participants.
Hemodynamic outcome measures during UDS
SBP and HR values during UDS are presented in Table 2 , and individual SBP responses are illustrated in Figure 1 . SBP and HR at baseline were unchanged between pre-and post-Botox assessments. However, SBP at the first urge to perform CIC, at the maximum volume infused, and the overall maximum SBP during UDS, were all decreased 1 month post-Botox. The change in SBP from baseline (DSBP) was used to quantify the severity of AD. All participants presented with AD pre-Botox (DSBP ‡20 mm Hg), whereas post-Botox it was eliminated in 10 (59%). AD severity was attenuated in the remaining seven. The majority of participants also experienced AD during the first urge to perform CIC and maximum infusion, and the severity of AD during these time points was significantly reduced post-Botox. Pre-Botox UDS, 15 participants (88%) reported at least one symptom of AD including goosebumps, chills/tingles, flushing, or headache. Post-Botox, self-reported symptoms decreased ( p = 0.034), with only 9 (53%) reporting symptoms. The DHR was only reduced post-Botox at maximum infusion and maximum SBP. Of the 17 participants, 14 experienced the typical reduction in HR during AD whereas the other 3 participants experienced an increase in HR.
Twenty-four hour ABPM outcome measures
The severity of AD during bladder-related events was significantly reduced following Botox treatment, as evidenced by a reduction in both the maximum SBP and DSBP during bladder-related events ( Table 3 ). The frequency of bladder-related events is presented in Figure 2 . Pre-Botox, participants had 6 -2 bladder events in a 24 h period (i.e., performed a CIC), with AD occurring 67% of the time (4 -2 times). Although there was a significant reduction in the number of bladder events post-Botox to 4 -1 ( p < 0.001), there was also a significant reduction in the frequency of AD during these events to 25% (1 -1 times, p < 0.001). 
Questionnaire and bladder function outcome measures
All subsections for the AD HR-QoL and I-QoL were improved post-Botox treatment ( Table 4 ). The total scores for AD HR-QoL and I-QoL were decreased and increased post-Botox, respectively, indicating an overall improvement in QoL. Overall, all indices of bladder function were improved post-Botox (Table 5) .
Discussion
This is the first human clinical trial to assess the efficacy of Botox on reducing bladder-related AD events in individuals with cervical and high thoracic SCI using quantitative hemodynamic assessments and clinically relevant AD criteria. The main finding from this investigation was a reduction in AD severity and frequency during bladder-related events. These findings are likely attributed to our observation of improved bladder function, and resulted in an improvement in QoL.
The incidence of AD during bladder-related events was assessed using UDS, the gold-standard assessment of bladder function, as well as during daily living using 24 h ABPM. Following the Botox treatment, 59% of our sample no longer experienced AD during the UDS assessment (i.e., AD was eliminated), whereas the remaining 41% experienced a reduction in AD severity (i.e., AD was attenuated). Guidelines for the treatment of AD recommend pharmacological 1654 FOUGERE ET AL.
management at SBP ‡150 mm Hg. 15 As illustrated in Figure 1C , 47% of our sample was above this cutoff pre-Botox, whereas only 18% had maximum SBP ‡150 mm Hg post-Botox. Therefore, whereas AD may not have been eliminated in all participants, the severity of the SBP increase was attenuated and in most individuals was reduced below a clinically relevant cutoff value. To date, no human studies have used BP assessments to quantify changes in AD following a Botox intervention for NDO. Previous investigations using 200 U intradetrusor-injected Botox reported the elimination of self-reported AD in 6% 8 and 16% 7 of their samples, and attenuated AD symptoms in 37%. 7 In our investigation, AD determined using self-reported symptoms was eliminated in 40% of our sample (i.e., eight participants no longer reported symptoms during the UDS assessment post-Botox). Interestingly, only 88% of our sample reported AD symptoms during the pre-Botox UDS assessment, whereas 100% of the sample had AD according to the objective SBP criterion. This observation demonstrates that asymptomatic or ''silent'' AD does occur, 18 and that subjective, self-reported measures of AD may not accurately reflect the hemodynamic responses. Therefore, although our objective and subjective assessments of AD demonstrate a greater efficacy of Botox for the treatment AD than previously reported, future investigations should consider using the objective measurement of SBP in their assessments of AD.
Previous studies have utilized 24 h ABPM to assess AD frequency and severity in SCI. 12, 19 We used this technique to assess how Botox treatment affected the incidence of bladder-related AD events during activities of daily living. This assessment complements our inhospital UDS assessment, and demonstrates the translation of our findings into the real day-to-day life of individuals with SCI. Similar to the UDS assessment; we observed a reduction in the severity of AD indicated by reduction in both maximum SBP and DSBP. Additionally, we observed an overall reduction in the frequency of AD during bladder-related events, despite the reduction in the number of CIC performed within the 24 h period. The reduction in the number of CIC can be attributed to an increased bladder capacity, as evidenced by the post-Botox increase in maximum bladder volume assessed during UDS. In general, overall bladder function was improved post-Botox, which is similar to previous reports employing Botox for the treatment of NDO in SCI. 7, [20] [21] [22] The subsequent reduction in the frequency of AD prior to CIC is likely attributed to the mechanistic actions of Botox. Through temporary paralysis of the detrusor muscle, Botox inhibits involuntary detrusor contractions by preventing the transmission of noxious/innocuous stimuli from entering the dorsal column, thereby deactivating the initiation of the spinal-mediated reflex responsible for AD. 7, 23 Botox has also been found to contain anti-nerve growth factor properties that block the hyperexcitable afferent C fiber pathways responsible for the involuntary contractions. 9 Therefore, in addition to improving bladder function and reducing NDO, our results suggest that Botox has the added benefit of reducing AD frequency and severity during bladderrelated events. Botox also has also been shown to have an inhibitory effect on afferent axons positive for calcitonin-gene-related peptide and substance P, 24 which are widely distributed throughout the bladder wall and are known to be involved in the development of AD. 25, 26 This may explain our observation that some individuals experienced less pronounced symptoms and/or asymptomatic AD during the post-Botox UDS.
The restoration of normal bladder function and eliminating episodes of AD are among the highest health priorities of individuals living with a high level of SCI. 27 Therefore, it is not surprising that the reduction in AD and improvement in bladder function postBotox resulted in an improved QoL. Based on the I-QoL, 53% were continent pre-Botox, whereas post-Botox this increased to 88%. Our study supports previous reports demonstrating improvements in QoL are attributed to clinical improvements in overall bladder function parameters and a reduction in urinary incontinence. 7, [20] [21] [22] 28 A total of 13 participants (76%) underwent voluntary re-treatment. Of the remaining four participants, three declined re-treatment because of the side effects they experienced including cultureproven UTIs in two and headaches in the other. All three of these participants were positive responders to Botox, indicated by their reductions in bladder-related AD and improvements in bladder function and QoL. The remaining participant was a nonresponder to Botox, and declined retreatment because of no noticeable improvement in bladder-related AD, bladder function, or QoL. Although the long-term consequences of repeated AD events caused by bladder-related events is presently unknown, we recently demonstrated that a single bout of AD can be life threatening and even fatal. 29 Therefore, in addition to improving QoL, the attenuation of daily bladder-related AD bouts with Botox also has the potential to improve longevity.
Presently, there are no safety data regarding the use of Botox for NDO in individuals with tetraplegia. Cruz and coworkers reported an incidence of UTIs in 52.6% of their paraplegic population following 200 U Botox. 20 In the present study, culture-proven UTIs were reported by 2 of our 11 participants with tetraplegia (18%), and 1 of our 6 participants with paraplegia (17%). Headaches were reported by two participants with tetraplegia (18%). Although the trial by Cruz and coworkers did not report headache as a side effect, Herschorn and coworkers 30 reported headaches in 21% of their sample with SCI and multiple sclerosis following Botox treatment for NDO. Therefore, our reported incidence of side effects is less than in previously published randomized control trials.
Limitations
From a clinical perspective, intravesical injections of Botox have an approximated average efficacy of 9 months. 7 The duration of efficacy of Botox on reducing bladder-related AD frequency and severity beyond 1 month is not known. Other limitations included a small sample size, loss to follow-up, and lack of a control arm. Future research studies can confirm our preliminary findings through the conduction of a large-scale randomized controlled clinical design.
Conclusion
Episodes of AD are associated with potentially life-threatening events among individuals with SCI. Given that the bladder is responsible for up to 85% of AD events in individuals with high level SCI, strategies to mitigate this pathway are crucial. The present study demonstrated a reduction in the overall severity and frequency of bladder-related AD events 1 month following a Botox intervention for NDO. These findings may prove a viable treatment strategy for the successful alleviation of episodes of AD, and, possibly, amelioration of cardiovascular-related health risks associated with SCI. Furthermore, reductions in AD translated to an overall improvement in QoL. The observations from our study were likely attributed to the actions of Botox on temporary denervation of the detrusor muscle and consequential reduction in transmission of afferent sensory information from the urinary bladder to the spinal cord, known to trigger AD. Overall, findings from our study provide promising results, and highlight the necessity to further explore the clinical benefits of Botox for the treatment of AD in individuals living with SCI.
